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ABSTRACT 

The MSC R a d i a t i o n  C o n s t r a i n t  Pane l  i s  c u r r e n t l y  

e x p l o r i n g  t h e  u t i l i t y  of t h e  concept  of  crew member r a d i a t i o n  

s t a n d a r d s  f o r  t h e  Apollo l u n a r  l a n d i n g  mis s ion .  

mi s s ion  r u l e s  s p e c i f y  t h a t  t h e  POD for t h e  CSM p i l o t  w i l l  be 

1 / 2  t h e  POD for t h e  LM crew. 

The p r e l i m i n a r y  

Some p r a c t i c a l  a s p e c t s  of t h i s  concept  are e v a l u a t e d  

i n  t h i s  r e p o r t ,  and some m o d i f i c a t i o n s  are sugges t ed  i n  t h e  

l i g h t  of t h i s  e v a l u a t i o n .  
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MEMORANDUM FOR FILE 

I N T R O D U C T I O N  

The MSC R a d i a t i o n  C o n s t r a i n t s  Pane l  has t h e  r e spon-  
s i b i l i t y  of t a i l o r i n g  a r a d i a t i o n  program which i s  s p e c i f i c  
t o  each manned space  f l i g h t .  This r e s p o n s i b i l i t y  i s  n o t  i n  t h e  
narrow s e n s e  of p i c k i n g  a p p r o p r i a t e  v a l u e s  for d o s e  l i m i t s ,  b u t  
e n t a i l s  t h e  development o f  t h e  c o n c e p t u a l  framework r e q u i r e d  
for r e c o n c i l i n g  t h e  v a r i o u s  c o n s t r a i n t s  on t h e  m i s s i o n ,  of  
which r a d i a t i o n  i s  o n l y  one.  The f i n a l  p roduc t  of  t h e  RCP 
w i l l  b e  a se t  of  m i s s i o n  r u l e s  which w i l l  f o r m a l l y  d e s c r i b e  
a l t e r n a t e  m i s s i o n s  t o  be unde r t aken  i n  t h e  c a s e  t h a t  t h e  
adopted  r a d i a t i o n  dose  l i m i t s  a r e  exceeded.  

The minutes  of t h e  RCP, dated October  1 3 ,  1967,  of  
t h e  t h i r d  meet ing  of  t h e  p a n e l  c o n t a i n  i n  Enc losu re  3 a p re -  
l i m i n a r y  se t  of ground r u l e s  which a re  c u r r e n t l y  b e i n g  e v a l -  
u a t e d  by the  RCP.  (See t h e  Appendix.) Rules  2 ,  5 ,  and 6 of 
t h i s  s e t  invoke  t h e  concept  o f  "crew member" r a d i a t i o n  s t a n d a r d s .  
This concept  i s  an  i n n o v a t i o n  o f  t h e  R C P  and i s  a n  i n t e r e s t i n g  
v a r i a t i o n  on a c c e p t e d  h e a l t h  p h y s i c s  p r i n c i p l e s .  The purpose  
of t h i s  p a p e r  i s  t o  e v a l u a t e  t h e  p r a c t i c a l  a s p e c t s  of  t h i s  
concep t .  

THE CREW MEMBER R A D I A T I O N  STANDARDS CONCEPT 

The crew member r a d i a t i o n  s t a n d a r d s  concept  s t a r t s  
w i t h  t h e  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  t h e  r o l e  o f  each  crew 
member i s  n o t  e q u a l l y  c r i t i c a l  i n  a l l  phases  of  t h e  m i s s i o n  
f o r  t h e  s u c c e s s  o f  t h a t  phase .  I n  p a r t i c u l a r ,  on t h e  r e t u r n  
from t h e  moon, t h e  LM crew w i l l  p l a y  a minor r o l e  compared t o  
t h e  CM p i l o t .  The obvious  i m p l i c a t i o n  i s  t h a t  t h e  p i l o t ' s  
p h y s i c a l  w e l l  b e i n g  i s  most c r i t i c a l  i n  t h i s  phase .  By t h i s  
t i m e  i n  t h e  m i s s i o n  he shou ld  not  have been  p e r m i t t e d  t o  
accumula t e  a r a d i a t i o n  dose which may be p e r m i s s i b l e  f o r  t h e  
LM crew. Hence r u l e  2 .  The LM c rew ' s  b e i n g  nauseous d u r i n g  
t h i s  phase  of  t h e  m i s s i o n  w i l l  e n t a i l  l e s s  r i s k  t o  m i s s i o n  
s u c c e s s  t h a n  t h e  same symptom i n  t h e  CM p i l o t .  

PRACTICAL ASPECT OF THE CONCEPT 

Without  r a i s i n g  any i s s u e  about  t h e  d e r i v a t i o n  of  
t h e s e  r u l e s ,  l e t  u s  c o n s i d e r  t h e  o p e r a t i o n a l  f e a s i b i l i t y  of  
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t h i s  concept .  Is i t  p h y s i c a l l y  p o s s i b l e  for t h e  CM p i l o t  and 
t h e  LM crew t o  g e t  s i g n i f i c a n t l y  d i f f e r e n t  d e p t h  dose?  

Dose c a l c u l a t i o n s  have been  performed f o r t h e  a s t r o -  
n a u t s  i n  t h e  Command Module i n  f r ee  s p a c e  and i n  t h e  Lunar Module 
and s p a c e  s u i t  on t h e  l u n a r  s u r f a c e .  The spec t rum was assumed 
t o  b e  e x p o n e n t i a l  i n  r i g i d i t y ,  w i t h  e q u a l  numbers o f  p r o t o n s  and 
a l p h a  p a r t i c l e s .  The. s h i e l d  models used f o r  t h e  CM and LM are 

t h i c k .  Doses c a l c u l a t e d  i n  t h e  LM and s p a c e s u i t  were r educed  
b y  a f a c t o r  of  two t o  i n c l u d e  s h i e l d i n g  p rov ided  by t h e  moon. 

shown i n  F i g u r e  l.* The s p a c e s u i t  was t a k e n  t o  b e  0.2g/cm 2 

The r e s u l t s  a r e  shown i n  T a b l e  1 for s p e c t r a  w i t h  
c h a r a c t e r i s t i c  r i g i d i t i e s  o f  4 0  MV, 1 0 0  MV and 1 6 0  Mv r e p r e s e n t i n g  
s o f t ,  ave rage ,  and hard  s p e c t r a .  Because o f  t h e  f a c t  t h a t  s e v e r a l  
pa rame te r s  are r e q u i r e d  t o  s p e c i f y  t h e  number and spec t rum o f  
t h e  p a r t i c l e s  i n  a n  e v e n t ,  It i s  n o t  a l w a y s  meaningfu l  t o  compare 
doses  r e s u l t i n g  from d i f f e r e n t  s p e c t r a  w h i l e  h o l d i n g  t h e  t o t a l  
number of p a r t i c l e s  f i x e d .  The re fo re  t h e  r e s u l t s  o f  t h e  c a l -  
c u l a t i o n s  f o r  t h e  two s h i e l d i n g  c o n f i g u r a t i o n s  shou ld  b e  compared 
f o r  t h e  same spec t rum rather  than  f o r  d i f f e r e n t  s p e c t r a .  S i n c e  
an  a r b i t r a r y  s c a l e  f a c t o r  i s  used f o r  t h e  t o t a l  number of  par- 
t i c l e s  i n  t h i s  i l l u s t r a t i o n  t h e  r e l a t i v e  v a l u e s  are i m p o r t a n t  
ra ther  t h a n  t h e  a b s o l u t e  v a l u e s .  However t h i s  number was chosen 
t o  r e p r e s e n t  a ve ry  la rge  even t .  

The u n c e r t a i n t y  i n  a n y  of t h e  v a l u e s  c a l c u l a t e d  i s  
p robab ly  n o t  g rea te r  t h a n  a f a c t o r  of 2 g iven  t h e  p a r t i c l e  
spec t rum used .  I n  a n  o p e r a t i o n a l  s i t u a t i o n  where t h e  spec t rum 
i s  n e v e r  known p e r f e c t l y  t h e  u n c e r t a i n t y  i n  t h e  dose  p r e d i c t i o n  
w i l l  b e  l a r g e l y  t h a t  i n  t h e  estimates o f  t h e  e v e n t  s i z e  para- 
meters. Even a f t e r  t h e  e v e n t  i s  over t h e  u n c e r t a i n t y  i n  t h e  
o v e r a l l  p a r t i c l e  f l u x  i s  probably la rger  t h a n  a f a c t o r  o f  two, 
w h i l e  d u r i n g  t h e  even t  t h e  f l u x  p r e d i c t i o n s  a r e  s i g n i f i c a n t l y  
l e s s  a c c u r a t e .  These f a c t s  i m p l y  t h a t  o p e r a t i o n a l l y  t h e  
e x p e c t e d  dose  i n  one m i s s i o n  c o n f i g u r a t i o n  must d i f f e r  from t h a t  
i n  a n  a l t e r n a t e  c o n f i g u r a t i o n  by more t h a n  a f a c t o r  of two 
b e f o r e  one can  j u s t i f y  s e l e c t i n g  one made o v e r  t h e  o t h e r .  

It i s  s e e n  from Table  1 t h a t  t h e  s k i n  dose  i s  t h e  
o n l y  t i s s u e  dose  tha t  can be  reduced a p p r e c i a b l y  b y  modi fy ing  
t h e  m i s s i o n  d u r i n g  i t s  l u n a r  phases .  O f  c o u r s e  o t h e r  doses 
accumula ted  up t o  t h e  t i m e  o f  some p a r t i c u l a r  maneuver may be  
a f fec ted  b y  ea r ly  m i s s i o n  m o d i f i c a t i o n ,  b u t  w i t h  t h e  above 

*Alva C .  Hardy, M S C ;  p e r s o n a l  communication. 
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s h i e l d  model and spec t ra  i t  t u r n s  o u t  t h a t  t he  t o t a l  d e p t h  
d o s e s  are r e l a t i v e l y  i n s e n s i t i v e  t o  whether t h e  a s t r o n a u t  i s  
i n  t h e  LM on t h e  moon o r  i n  t he  CM. I n  f a c t ,  because  o f  t h e  
s h i e l d i n g  p rov ided  b y  t h e  moon, i n  some c a s e s  t h e  d e p t h  d o s e  
i s  lower i n  t h e  LM on t h e  l u n a r  s u r f a c e  t h a n  i n  t h e  CM. There- 
f o r e  it a p p e a r s  t h a t  a t  t h i s  phase  o f  t h e  m i s s i o n  t h e  o n l y  
t o t a l  t i s s u e  dose  which mis s ion  r u l e s  can  a f f e c t  i s  t h a t  pro-  
duc ing  erythema. 

CONCLUSIONS 

The above c a l c u l a t i o n s  show tha t  w i t h  r e g a r d  t o  t o t a l  
accumulated dose  t h e  o n l y  t i s s u e  dose  t ha t  can  be a f fec ted  
s i g n i f i c a n t l y  by  m i s s i o n  r u l e s  d u r i n g  t h e  l u n a r  phase  o f  t h e  
m i s s i o n  i s  t h e  s k i n  dose .  However, when a m i s s i o n  o p e r a t i o n  
imposes a r equ i r emen t  f o r  crew per formance  a t  some p a r t i c u l a r  
pa r t  o f  t h e  m i s s i o n ,  t h e  r u l e s  c a n  r e d u c e  t h e  dose  accumula ted  
up t o  t h a t  t i m e  b y  moving t h a t  phase of t h e  m i s s i o n  fo rward  
i n  t i m e  w i t h  some m i s s i o n  a l t e r a t i o n .  

It i s  s u g g e s t e d  t h a t  i n  r u l e  2 t h e  G I  dose  c r i t e r i a  
which cannot  r e a l l y  be  enforced  b e  r e p l a c e d  b y  s k i n  d o s e  l i m i t s  
which m i s s i o n  r u l e s  can a f f ec t .  

101l-RKW-mo RHH R.  H.  H i l b e d  . .  

R .  K .  White 
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